Description of the elemental analysis of the aqueous solutions, mercury (low concentration) sorption and chemical extractions experiments, S and Hg X-ray absorption spectroscopy (XAS) methods, Hg XAS analysis of samples, and reference compounds, three figures (S1, S2 and S3), and five tables (S1, S2, S3, S4 and S5); fourteen pages.
Sulfur and Hg X-ray absorption spectroscopy (XAS) methods
Sulfur K-edge X-ray absorption spectra were collected on beamline 4-3 at the Stanford Synchrotron Radiation Lightsource (SSRL). Samples were collected at ambient temperature with a Si(111) monochromator crystal in fluorescence mode with either a N 2 (g)-filled Lytle detector or a solid-state diode detector. A second mirror was used to reject higher order harmonic reflections. Dried, powdered samples were finely ground and dusted as a thin layer on S-free mylar adhesive tape. Energy was calibrated by assigning the first peak maximum in the S K-edge spectrum of Na 2 S 2 O 3 5H 2 O to 2472.02 eV. Multiple scans (3-6) for each sample were collected and averaged over the energy range 2370-2815 eV.
Mercury X-ray absorption spectra were collected at the SSRL (beamline 4-1 or 11-2).
Samples were loaded undiluted into Teflon sample holders, sealed with Kapton tape, and held in a liquid-He cryostat (at 5-20 K) during data collection. A HgCl 2 (aq) reference solution (0.75 mM) was injected into a Teflon sample holder with Kapton windows and quench-frozen in liquid N 2 . Fluorescence spectra were collected using a 30-element Ge detector (3 elements not working) and a Si(220) monochromator crystal on BL 11.2. Solid Hg reference compounds were diluted in BN, packed into Teflon holders, and sealed with Kapton tape. Absorption spectra were collected in transmission using N 2 (g)-filled ion chambers and a Si(220) monochromator crystal on BL 4-1. Energy was calibrated using Au foil, assigning the first inflection point on the absorption edge to 11919 eV. Two or three scans was collected and averaged for Hg standards in transmission and up to 16 scans for samples in fluorescence (38 min/scan).
Mercury XAS analysis
Analyses of the Hg EXAFS spectra were performed with the program EXAFSPAK 8 Background subtraction was done using a linear fit through the pre-edge region and a cubic spline through the spectrum above the absorption edge. Spectra were fit quantitatively using the shell-by-shell method over a k-range of 1.5 to 13-15 Å -1 (depending on data quality) with theoretical single-and multiple-scattering reference functions calculated by the program FEFF 8.0 9 using atomic clusters from crystalline reference Hg compounds calculated with the program ATOMS 10 (see below) In fits to the HgCl 2 (aq) spectrum, N was fixed but R and σ 2 were varied.
All other samples were treated as unknowns, and therefore N and R were varied while σ 2 and S 0 2 (= 0.9) were fixed on values determined from reference compound fits 11 . A sensitivity analysis was performed to estimate the variation in N for a range of values of σ 2 derived from the analyses of reference Hg compounds. This analysis indicated a variation in fitted N of 20-30%
in the unknown spectra. Photoelectron threshold energy difference (ΔE 0 ) was fit as a single parameter for all shells 12 .
Mercury XAS analysis of reference compounds
In order to demonstrate the ability of EXAFS analysis to determine the coordination around Hg atoms in unknown systems, the EXAFS spectra of crystalline reference compounds (HgO(s), HgCl 2 (s) and Hg 3 (SO 4 )O 2 (s)) were analyzed based on their known crystallographic structures ( Figure S3) . Because of the strong correlation in EXAFS between N (number of atoms) and σ 2 (Debye-Waller factor) for a set of backscattering atoms at distance (R), the analyses of known Hg structures using shell-by-shell fits provided estimates of σ 2 for the analysis of unknown spectra for which N was unknown. The identity of the reference compounds was confirmed by powder XRD (data not shown) and no impurities were found. In normalized Hg XANES spectra ( Figure S2 ), the three reference compounds are characterized by a prominent absorption feature with similar intensity at 12282-12284 eV near the mid-point of the main absorption edge, but different small adsorption features near the absorption maxima.
The energy and shape of these absorption features were distinctive for each mineral and are best observed in the first-derivative spectra ( Figure S2 ). In the case of HgO(s), a wide inflection was found at 12296 eV, compared to a much sharper inflection for HgCl 2 (s) at 12292 eV. In addition, another inflection at 12314 eV was observed in the HgO(s) first-derivative spectrum. For Figure S3 ). The three-legged paths (Hg→O→O→Hg) and (Hg→Hg→Hg→Hg), and the three-legged path (Hg→Cl→Cl→Hg) were included in HgO(s) and HgCl 2 (s) fitting, respectively. 
